The objective of this study was to estimate the features of suicide rate and its association with economic development and stock market during the past decade in the People's Republic of China. Methods: Official data were gathered and analyzed in the People's Republic of China during the period 2004-2013. Nationwide suicide rate was stratified by four year age-groups, sex, urban/rural areas, and regions (East, Central, and West). Annual economic indexes including gross domestic product (GDP) per capita and rural and urban income per capita were all adjusted for inflation. Variation coefficient of market index (VCMI) was also included as an economic index to measure the fluctuation of the stock market. Negative binomial regression was performed to examine the time trend of region-level suicide rates and effects of sex, age, urban/rural area, region, and economic index on the suicide rates. Results: Suicide rates of each age-group, sex, urban/rural area, and region were generally decreased from 2004 to 2013, while annual GDP per capita and rural and urban income per capita were generally increased by year. VCMI fluctuated largely, which peaked around 2009 and decreased after that time. Negative binomial regression showed that the decreased suicide rate in East and Central rural areas was the main cause of the decrease in suicide rate in the People's Republic of China. Suicide rate in the People's Republic of China for the study period increased with age and was higher in rural than in urban area, higher in males than in females, and the highest in the Central region. When GDP per capita increased by 2,787 RMB, the suicide rate decreased by 0.498 times. VCMI showed no significant relationship with suicide rate in the negative binomial regression. Conclusion: Suicide rate decreased in 2004-2013; varied among different age-groups, sex, urban/rural areas, and regions; and was negatively associated with the economic growth in the People's Republic of China. Stock market showed no relationship with suicide rate, but this finding needs to be verified in a future study.
Introduction
Suicide is a major public health issue worldwide. 1 In the People's Republic of China, suicide was the fifth most common cause of death 2, 3 and the second most common external cause of death. 4, 5 Previous studies have shown decreasing trends in suicide in the People's Republic of China over the periods 1991-2000, 2, 3 1982-2005, 6 and 2006-2012. 7 Early studies also showed that the characteristics of suicide rate in the People's Republic of China were different from those in Western countries. Previous studies have found that suicides in the People's Republic of China showed a unique 
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Yin et al sex difference, with more females than males, and the rate was also substantially higher in rural than urban Chinese communities. 2, [8] [9] [10] [11] Mann et al 12 found that .90% of suicides in Europe, the USA, and other developed countries have a diagnosis of mental illness during lifetime, while in the People's Republic of China, mental illness accounted for only ~50% of suicides. 13 Therefore, social and economic determinants may be important factors for the suicide rate in the People's Republic of China.
A growing number of international studies have shown that rates of suicide were associated with economic activity. With the exception of Finland, which experienced an increase in suicide rate during an economic upswing between 1985 and 1990 and a decline during a subsequent period of recession, 14 there were few empirical examples of suicide increasing during times of economic prosperity. Although research from Ireland showed no association between socioeconomic factors and suicide after accounting for time trends, 15 most studies have suggested that suicide rates tend to decline during times of economic prosperity and increase during periods of recession. [16] [17] [18] In a recent review of the population-level mental health effects of economic downturns, Zivin et al 19 inferred a positive association between economic crisis and the onset of psychopathology, including suicide. Nandi et al 20 showed a negative association between monthly levels of economic activity and rates of suicide in New York City. However, Saurina et al 21 did not find increase in working-aged females (16-64 years) living in municipalities with $10,000 inhabitants to be associated with rising unemployment in any of the cases, which indicated that the relationship between suicide and economy is complicated and warrants further investigation.
Since the early 1980s, the People's Republic of China has experienced a very large economic growth, with an average annual gross domestic product (GDP) per capita growth rate of 8.6%. 22 These rapid socioeconomic changes may influence people's attitude to life. It is, therefore, important to explore the relationship between the economic developments and the pattern of suicide in a rapidly changing society. There were very few studies about this topic in the People's Republic of China. A recent study found that the benefits of economic growth, such as higher employment and more educational opportunities for the rural population in particular, may have contributed to the reduced suicide rate in the People's Republic of China. 23 Another study found that the decrease in suicide rate is correlated with the growth of economy in the People's Republic of China, 6 but it did not systematically analyze the relationship between suicide rates and economic growth at the regional level in the People's Republic of China.
Based on the above-mentioned literature, the present study extended these previous studies to an investigation of possible explanatory factors and sources of geographic variation for the recent trends of suicides and economic indexes from the People's Republic of China in 2004-2013 and examined the geographic distribution characteristics about suicide and the relationship between suicide rates and economic changes. During the past two decades, the stock market fluctuated rapidly in the People's Republic of China, and there were always many suicide reports when the stock market fluctuated fiercely, which may be associated with suicide rates. Therefore, except for GDP per capita and annual urban and rural income per capita, the authors constructed a new economic index named variation coefficient of market index (VCMI) that can measure the fluctuation of the stock market. This study provides up-to-date information about the features of suicide and economics in the People's Republic of China and explores the socioeconomic determinants of suicide rates.
Methods

source of data annual suicide number and rate
Data on the annual number of suicides and rate for the years 2004-2013 were obtained from the national disease surveillance points (DSPs) system, a population-based death registration system comprising 161 surveillance points (each point corresponds to one county or district) across 31 provinces nationwide (total population coverage of 6% or 73 million). This system expanded its number of surveillance points to 605 and total population coverage up to 24% or .300 million in 2013. The cause of death in this sample registration system is determined by trained coders in hospitals and local Centers for Disease Control and Prevention staff for all deaths in each surveillance point. Previous studies have demonstrated good national and regional representativeness of the DSPs. 8, 24, 25 Cases of death are enumerated through both hospitals and the local staff using household surveys, data exchange with police stations, the civil affairs department, and the maternal and children department. Decedents are counted as local residents if they have lived in the county for .6 months; otherwise, they are coded to their previous county of residence. The DSPs more accurately reflects total mortality, the broad cause of death distribution, and the geographic distribution of mortality compared with other mortality sources in the People's Republic of China. 25 The yearly suicide number and suicide rates stratified by four year age-groups, sex, and region of the DSPs were extracted from the DSPs' death surveillance yearbook, a summary of the national population and mortality data, which is published yearly. 
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relationship between suicide rate and economic growth and stock market Population catchments for each DSPs' surveillance point could be divided into urban and rural areas. First "districts" within each county were defined as "urban", and "counties" were defined as "rural". In total, there were 64 urban points and 97 rural points across the DSPs. Second, all points in the DSPs were allocated a regional classification based on the categorizations in the National Bureau of Statistics of the People's Republic of China as follows: "East" (Beijing, Tianjin, Hebei, Liaoning, Shanghai, Shandong, Guangdong, Jiangsu, Zhejiang, Fujian, Hainan), "Central" (Heilongjiang, Jilin, Shanxi, Hubei, Hunan, Anhui, Jiangxi, Henan), and "West" (Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Ningxia, Xinjiang, Qinghai). The data of this paper is gathered from the official dataset in People's Republic of China, so the authors didn't collect the data themselves and therefore there's no ethical approval or written informed consent involved.
annual economic indexes GDP is the sum of gross value added by all resident producers in the economy plus any product taxes and minus any subsidies not included in the value of the products. It is calculated without making deductions for depreciation of fabricated assets or for depletion and degradation of natural resources. The GDP per capita was defined as GDP divided by mid-year population. The annual income per capita refers to part of the revenue of all household cash income that can be used to arrange the family life.
statistical analysis
Descriptive statistics were presented, including annual number of suicides and suicide rate per 100,000 persons for each of the four year age-, sex-, and region-specific groups. Nationwide and region-level GDP per capita and annual income per capita were all measured by the Chinese currency RMB and adjusted by inflation. Nonparametric KruskalWallis ANOVA was used to test numerical differences among three regions. As the data were too dispersed to use Poisson regression, the authors chose negative binomial regression to examine the change in the region-level suicide rates over time and the influence of age, sex, region, and economic index on the suicide rate. The influence of age, sex, region, and economic index on the suicide rate was analyzed using negative binomial regression model, 26 with the stratified suicide number as the response variable, the natural logarithm of stratified DSPs' population as an offset, and the four year age-groups, sex, urban/rural area, and economic index as the explanatory variables. Time trends of suicide rate in different areas were also analyzed using negative binomial regression, with the stratified suicide number as the response variable, the natural logarithm of stratified DSPs' population as an offset, and year as an explanatory variable. To decrease the variation, GDP per capita in this analysis was converted to a unit of 1,000 RMB, and then transformed by the natural logarithm.
All statistical analyses were performed using SPSS version 21 (IBM Corporation, Armonk, NY, USA). All reported probabilities (P-values) were two sided and those ,0.05 were considered statistically significant.
Results
The following results were observed in this study: 1. Suicide rates of each age-group, sex, urban/rural area, and region were generally decreased from 2004 to 2013. Suicide rates in the People's Republic of China for the study period were higher in older age-groups compared with younger age-groups. Suicide rates were higher in rural than in urban areas, higher in males than in females, highest in the Central region, and almost the same in the East and West regions over the study period (Table 1 and Figure 1 ). There was a substantial regional variation in suicide rates over the study period ( Figure 2 ). VCMI fluctuated largely, peaked around 2008, and decreased after that time (Table 3 and Figure 3 ). (Table 4) .
Discussion
This study investigated time trends and regional differences in suicide in the People's Republic of China for the period 2004-2013 and found a general decrease in the suicide rate, which was consistent with previous studies for earlier periods. 2, 3, 27 In this study, suicide rate and composition were both higher in males than females, which were consistent with some recent studies in the People's Republic of China 7, 28, 29 and many previous studies in Western countries, which showed that the male:female ratio of completed suicide is usually .2 (eg, Australia, the USA, and the UK) and in some cases .3 (eg, Russia, Kazakhstan, Ukraine, and Belarus). 30 Meanwhile, the suicide rate was higher in the rural area than in the urban area in this study, which was also consistent with some previous studies. 2, 10 The rural:urban ratio was 1.905 after controlling for sex, age, and regions in this study, compared with previous studies where this ratio was 2.13 7 and some earlier studies that showed this ratio .3.
2,10
Phillips et al first analyzed the suicide data of the People's Republic of China in 2002 and found a very special "Chinesestyle suicide mode" with higher suicide rate in the rural area than in the urban area and in females than in males, which was exactly the opposite to that in Western countries. 2 With the acceleration of urbanization and industrialization, more and more people went to cities, and as the population migrated, females gradually got rid of the unequal treatment in male chauvinists and obtained more opportunity to elevate their education level; consequently, the rural:urban ratio of suicide rate and suicide rate of females decreased by year. So as described earlier, the present study and many recent studies about suicide in the People's Republic of China found gradually decreased rural:urban ratio of suicide rates and higher suicide rates in males than in females. 
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relationship between suicide rate and economic growth and stock market Additionally, suicide rates in the People's Republic of China for the study period were higher in older age-groups compared with younger age-groups. This finding was not consistent with previous studies that reported higher rates of suicide among young adults aged 15-34 years, particularly for rural females. 2, 4 This decrease in young adult suicide rates may be associated with commensurate increases in economic and educational opportunities and greater ideological emancipation for young adults. Meanwhile, because of emotion loss and economic pressure, people older than 65 years in the People's Republic of China have the highest suicide rate.
This study also showed substantial geographic variation in suicide across the People's Republic of China's major geographic regions. Central China had the highest suicide rates, which was ~1.5-fold of East zone, while the suicide rates were almost the same in the East and West zones, which was consistent with the findings of a recent study 7 and another previous study, which also found the highest 
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Yin et al suicide rate in the Central rural area. 4 Suicide rate decrease in rural areas, especially in East and Central rural areas, is an inherent structural cause of the People's Republic of China's suicide rate decrease. A recent publication in the Lancet also shows a tenfold variance in age-adjusted suicide rates for both males and females across 33 provinces (including HK and Macao) in the People's Republic of China. 31 Meanwhile, the economic indexes, including GDP per capita, urban income per capita, and rural income per capita, also showed huge geographic variation. All these economic indexes were highest in the East area. GDP and rural income per capita were higher in the Central area than that in the West area, while urban income per capita remained almost the same in these two areas. Economic factors may act together with traditional culture and geographic factors to influence the suicide rates, so it is very important to make different suicide prevention and control policies for different regions.
The rapid economic growth has been the theme over the past three decades in the People's Republic of China, and economic reform has brought about significant social and value changes to the nation. In this study, GDP per capita showed significant effect on suicide rates, and when GDP per capita was increased by 2,787 RMB, the suicide rates decreased by 0.498 times. The People's Republic of China's fast growing economy in the past few decades did not come with increased suicide rates, and instead, as the GDP per capital, rural income per capita, and urban income per capita increased rapidly, the suicide rates in the People's Republic of China consistently went down over the years for all agegroups, for all the three regions, for both rural and urban populations, and for both males and females. Similar findings have also been documented in other studies. 6, 32 The traditional postulation that economic growth leads to high suicide rates in society is challenged by the current Chinese data as well as some Western data in previous studies. 33, 34 In addition, the authors should pay attention to the stock market. The results showed a peak of VCMI around 2008, but it decreased later. The People's Republic of China's stock market emerged in 1991 and developed no more than 20 years, which is a relatively short but critical period. After a number of ups and downs in the stock market callable bullbear contracts conversion, especially the 2007-2008 stock market crash, which resulted from the decrease in stamp duty in May 31, 2007 , the People's Republic of China's stock market fluctuated largely. Such a sharp volatility of the stock market was beyond the risk tolerance of many investors; hence, a lot of suicides occurred due to investment failure. As more than 90% of the People's Republic of China's stock market investors were irrational retail investors, coupled with the "retail herding" effect and levers such as stock index futures and margin trading, the People's Republic of China's stock market was just like a casino. Once the investments failed, the investors easily lost control to commit suicides, resulting in increased suicide rates; thus, the greater the stock market volatility, the higher the suicide rate.
In this study, VCMI showed no effect on the suicide rate in the negative binomial regression model. This result is consistent with one study that found that fluctuations in the stock market, represented by stock market volatility, do not influence the rates of violent suicide at the population level in New York City, 20 but not with numerous reports of suicide induced by losses in stock market wealth in recent years and one study that found that the value of the Nikkei Stock Average related to suicide among males in Japan. 35 One potential explanation is that there are not enough people who invested in the stock market to detect fluctuations in incidence rates. In the People's Republic of China, people who invested in the stock market may be mostly male urban citizens. Alternatively, a sufficient causal mechanism for suicide may be multifactorial, and losses in wealth, including financial assets, may represent one component of a sufficient cause for suicide. According to a qualitative analysis of 62 cases of suicide involving economic strains, the reason for suicide frequently involved multiple comorbid stressors, such as economic losses and strain in a relationship with a significant other. 36 Finally, it is possible that fluctuations 
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relationship between suicide rate and economic growth and stock market in the stock market are decoupled from changes in wealth at the individual or ecologic level through, for example, practices such as short sales of stocks and bonds. Owing to the limitation of data that monthly or quarterly suicide rates were not available, the authors can only do a rough analysis using annual suicide rates and VCMI, but the present study laid a foundation for further studies.
Limitations
There were some limitations to the present analysis. First, suicide is influenced by many social factors, including marital status, unemployment, perceived or actual state of health of people who commit suicide, and so on. In this study, marital status and the unemployment rate were not available. Further studies should take more factors into consideration than the present study did. Second, although the authors have a clear negative correlation between economic growth and suicide rates, the authors cannot confirm direct causal relationship between economic growth and decline in suicide rates as the confounding factors were unknown and the authors cannot control them in this study. Third, the relationship between stock market and suicide may be better examined in a specific group who invested in the stock market.
Conclusion
The present study made an update to the trend and geographic distribution of suicide in the People's Republic of China, explored the relationship between suicide rates and economic indexes, and made a preliminary analysis about the relationship between suicide rate and stock market. However, additional work is necessary to address several unanswered questions, including which mechanisms link economic conditions to suicide.
